体内不可欠脂酸の欠乏と術後急性肺水腫の発生素因に関する実験的研究 by NAGASE, MASAO
Title EXPERIMENTAL STUDY ON PATHOGENESIS OFACUTE POSTOPERATIVE PULMONARY EDEMA
Author(s)NAGASE, MASAO




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
EXPERIMENTAL STUDY ON PATHOGENESIS OF 
ACUTE POSTOPERATIVE PULMONARY EDEMA 
by 
MASAO NAGASE 
From the Second Surgical Division, Kyoto University Medical School 
(Director : Prof. Dr. YASU¥I剖AAOYAG!) 
〔Receivedfor publication Oct. 10, 1959〕
I. INTRODUCTION 
67 
Using the fat emulsion prepared in our laboratory in experimental animals and 
surgical patients, HIK.l'¥SA ct al.ml have demonstrated. that fat administration has a 
very favorable e百ecton protein, carbohydrate and fluid metabolism. It may be 
said that the significance of fat as a“variable element" (as a caloric source) has 
been almost completely clarified by their work. 
However, since the classical discoven・ of BuRR and BuRR3) that certain unsatu-
rated fatty acids are essential for growth and, in fact, for survival, it has been 
generally recognized that fat has a much more important physiological significance 
as a“constant element" than as a“variable element”． 
Since the beginning of the administration of fat emulsion in patients undergoing 
various operations in our clinic, acute postoperative pulmonary edema (abbreviated 
as APPE) has almost completely disappeared. During the period 1956～1959, four 
patients of 24 undergoing radical operation for esophageal cancer and one patient 
undergoing operation for cardiac cancer developed APPE; none of these five patients 
had received fat emulsion. However, none of those receiving the emulsion (12 out 
of the 25 cases) developed APPE. 
As seen from the data in Table 1, the incidence of APPE following radical 
operation for esophageal cancer is exceedingly high. Although various factors such 
as vagotomy, operative insult (especially that of thoracotomy), anoxia etc. have 
been blamed for this high incidence, there is no general agreement as to which the 
dominant factor is.4l-7l Patients with esophageal cancer are usually of a miserable 
nutrition because of both the restricted food intake due to cl~·sphagia and the can-
cerous cachexia. Therefore, in order to gain success in operation, the nutritional 
Table I Incidence of APPE following various operations 
I I 1'Tu"'1.ber of I APPE 
一一一一一一－ I＿竺一一竺＿G里型地~1 .翌日唖erl一芳一二
Pulmonary resection for cancer I K. HAYASHI I 31 i 4 I 12.9 
Heart surgery I Y. Yo呂田HARAI 1053 I 34 I 3.2 
Pulmonary resection for tuberculosis I M. TAKA別式HII 3829 I 87 I 2.2 
Same as above I M. SmozAWA I 981 I 5 I 0.5 
Esophagectomy I A. WATANABE I 393 I 159 I 40.5 
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s也teof the patients should be corrected by every possible means prior to the ope-
ration. As one df the available means, administration of the fat emulsion has been 
performed in our clinic ; ithas resulted not onlyγin a marked improvement of the 
nutritional state of the patients but also in subsidence of APPE. These results 
suggest that the preoperative supply of nutrients is intimately related to the occur-
rence of APPE. Table 2 Factors contributing to pulmonary edema 
It is well known that the J. Increased Transudation 
factors which contribute to the 
occurrence of APPE are very 
complex. ALTSCHULE8lpresented 
a table (Table 2) summariz陶
ing the etiologic factors of 
acute pulmonary edema. (It 
should be noted that since 
A. Elevated capillary pressure in lungs 
I. Cardiac decompensation and mitral disease 
2. Venular constriction 
a. Neurogenic 
b. Histamine 
B. Increased filtering area in lungs 
I. Increased blood volume 
2. Redistribution of blood 
a. Peripheral vasoconstriction 
ALTSCHULE dealt ¥Vith acute c. Large blood flow in lungs 
pulmonary edema in general, D. Lowered plasma protein level 
the factors enumera民dthere E. Increased capillary permeability 
1. Anox1a 
are somewhat different from 2. Histamine? 
those of APPE.) On the 3. Toxine 
whole, numerous factors have F. Bronchospasm 
been claimed to cause a rise in JI. Decreased Reabsorption 
A. Impaired lymphatic function 
APPE, yet a definite one has I. Elevated systemic venous pressure 
not been obtained. z. Inflammatory thrombosis? 
Considering the fact that m. Increased Total Extracellular Fluid Volume 
capillary permeabilityア iscontrolled by the nutritional state especially of the essential 
fatty acids of the body, the author has postulated that deficiency of essential fatty 
acids causes an abnormal rise in the p巴rmeabilityof the lung capillaries and forms 
the background for the development ofλPPE. The present work was designed to 
test this hypothesis. 
I. EXPERIMENT AL ANIMALS AND METHODS 
A) Experimental Animals: 
The rat has dietary habbits and a metabolism which are very similar to th脱
of the human. Therefore, male albino rats of the WrsTAR strain supplied by the 
Animal Center in Kyoto University were used for this stud:v. 
The weanling rats were divided into three groups : the first group was fed a 
~wnthetic diet practically devoid of fat, the second a synthetic fat-diet, and the third 
a rat chow (a product of ORIENTAL Yeast Ind. Co. Ltd. Japan). The weight com-
position of each diet is as follows. Fat-free diet: casein 20%, starch 76%, mixed 
salts 4% and vitamin mixture 0.6 g per 100 g of food. 
Fat diet: casein 20%, sesame oil 15%, starch 61対， mixedsalts 4% and vita-
min mixture 0.6 g per 100 g of food. According to our colleague Jrnno, each gram 
of the casein used in the study contained 1.39 mg of total lipids and 0.20 mg of 
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trienoic acid (fatty acids having three double bonds in a molecule, linolenic acid be-
ing one of these acids), and no other unsaturated fatty acids. Therefore, if a rat 
eats 10 g of the fat『freediet per da~＇， the animal takes in essential fatty acids 
(abbreviated as EFA) in an amount less than 0.4 mg per da>・ The lipid content 
of the starch usさdwas less than 0.01 %, and the EF A content was not in the range 
of measurement. 
As the source of EF A a purified and peroxide-fr€e sesame oil was use<l ; its 
linoleic acid content was 40.4%. Therefore, a rat eating 10 g of the fat diet daily 
takes in about 600 mg of linoleic acid per電【1ay. The weight composition of the rat 
chow is as follows : water 7.0 Yr. ptotein 24.8ヲ.lipids 5.6%, carbohydrate 51.4%, 
minerals 5.7 ?n and others 5.6%. According to Jrnno, the content of unsaturated 
fatty acids in the chow was as follow’s: dienoic acid 0.41 '/i, trienoic acid 0.124%, 
tetraenoic a<'id 0.06 %, pentaenoic acid 0.09｝らandhexaenoic acid 0.03今. Therefore, 
when a rat cats 10 g of the chow per day, the daily intake of EF 1¥ is less than 
60mg. 
B) Methods: 
1) Capillary Resistance of the Abdominal Skin : The device35) used in the experi-
ments to test the capillaryア I℃日istan「econsisted of a vacuum jar which ¥Yas connect-
ed to an℃lectrically powered suction pump on one side and to a small glass bell (of 
an inner diameter of 1.0 cm) on the other side. The degree of suction "as measured 
b>' an intercalated mercury manometer. Suction was emplo＞℃cl for 60 seconds. The 
least negative pressure given in cmHg stil capable of prcducing hcm<;nhage was 
considered as the value of the capillary resistance. The capillary resistance was 
tested ever：.ア weekfor a period of 9 weeks. 
2) Papula Time (Time of Disappearance of Intradermally Injected Physiological 
Saline) : Phyァsiologicalsaline in the amount of 0.1 cc was injected intradermally and 
the time of disappearance of the resulting papula was measured. The results of such 
a test, however, tend to be influenced by subjective impressions, therefore, the rate 
of dおappearanceof radioactivity was measured after the intradermal injection of 
radioactive phosphorus. A dilute physiological saline solution of radioactive phos-
* phorus (Na,HP01) ＇γas injected intradermally in the abdominal wall in the dose of 
0.1 c, and the radioactivity of the injected site was measured by a GEIGER-MULLER 
counter. 
3) Water Test: The method is to be described later. 
4) ANTU-Pulmonary Edema911c1: Alpha-naphthyl thiourea was administered in 
doses of 3, 5, or 40 mg per kg and n’as injected intraperitoneally in an olive oil 
suspension, since it is practically insoluble in water. For al dosages each rat 
received 1 cc of olive oil suspension per 100 g of body weight. Just 4 hours after 
the injection of the drug, the rats were killed lη’bleeding and examined for pulmo-
nary edema. 
5) Wet Weight and Water Content of the Lung and Histological Examination: 
Immediate!)・ after the pulmonary edema-provoking experiments, the rats 
were tied on their backs to a small operating board without any anesthesia. 
70 日本外科宝函第29巻第1号
The abdominal wall was opened and the vena cava and next the abdominal aorta 
were cut aero回 allowingthe blood to flow freely. After the blood flow ceased, the 
thoracic cavity was entered and a hemostat was placed just under the heart. The 
thoracic cavity was searched for pleural e百usion. The left lung was dissected free 
and inspected for signs of edema or consolidation. Next, a ligature was loope<l 
around the lung and tied tightly at the hilum ; a cut was made just proximal to 
the ligature. The surface of the lung was dried lightly on blotting paper before the 
organ was weighe<l. The same process 
was repeated with the right lung, which 
was fixed with a 10% formaline solution 
and examined histologically with hematoxy-
lin-eosin staining. The left lung was 
dried for 72 hours in a dessicator at 70°C, 
and its water content was calculated H’ 
subtracting the dry weight from the wet. 
Rats which showed a consolidation of the 
lung probably clue to pneumonia ＂・ereex-
eluded from the experiments. 
The lung weight ancl water content 
of 24 normal rats maintained on rat chow 
and weighing 120～250 g are shown in 
Table 3. The proportionate lung weight 
(the lung weight as per cent of body 
weight) decreased as the body weight 
increased. The water content ranged from 
76.2 % to 80.8 ，・ Ifover 80戸，thepre-
sence of APPE should be suspected. The 
final judgment, however, was made on 
histological examination. 
The proportionate lung weight and 
water content of three intact rats main-
tained either on the fat diet or on the fat-
free diet for 6 weeks are shown in Table 
Table 3 Proportionate lung weight and 
water content in normal rats 
body weight l坑芯×lO(% ) ,wate~ ？~）ntent 
120 0.8 783 
125 0.79 78.4 
130 0.78 80.8 
135 0.52 7.1 
140 0.53 76.4 
140 0.58 79.3 
150 0.65 76.8 
150 0.60 76.2 
15 0.7 76.3 
160 0.7 7.3 
160 0.71 79.1 
170 0.72 78.4 
180 0.62 78.9 
200 0.64 79.7 
200 0.71 79.6 
225 0.65 7.2 
230 0:67 78.4 
230 0.56 76.5 
235 0.6 . 78.2 
240 060 76.8 
245 0.59 76.2 
250 0.61 7.5 
250 0.58 78.0 
250 0.59 7.6 
Table 4 Proportionate lung weight and water content of each 
3 intact rats fed either the fat diet or fat-free diet 
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4; no significant di庁erencewas observed between these two groups. 
II. RESULTS 
A) Capillary Resistance and Permeability of the Abdominal Skin: 
1) Capillary Resistance: The capillary resistance of 69 health~＇ weanling rats 
was measured and found to range rather wiclcb' as shown in Table 5. 
Table 5 Cョpillaryresist且neeof weanling rats and of rats 
fed the fat-free diet or rat chow for 9 weeks 
I Number of rats 





















a) Capillary resistance of the fat diet Fig-. I Change in capillary resistance during 
group：羽Tithoutexception the capillary the course of experimental feeding 
resistance remained within the range of mHq 
25 to 40 cmHg, showing no fluctuations 40 
exceeding 10 cm of the original level 
found at the beginning of the experi-
ments (Fig. 1). 
b) Capillary resistance of the fat-free 
diet group : The capillary resistance 
maintained its original level during the 
first 4 weeks of the experiment, but 
began to decline between the fifth and 
sixth weeks. It then dropped to a low 
level (5～15 cmHg) at the ninth week 
and remained there for the rest of the 
experiment (Fig. 1 and Table 5). The 
gain in body weight of the rats also 
began to be slowed in accordance with 
the on田tof the low capillary resistance. 
c) Capillary resistance of the rat chow group: The 
rats fed rat chow for 9 weeks is shown in Table 5. 
ーーーー－Fotd1etgroup 
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Change in radioactivity after intradermal 
injection with radioactive phosphorus 
Fig-. 3 
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Papula time of fat diet and of fat-free 
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2) Papula Time : The time of 
disappearance of intradermally injected 
physiological saline in rats fed either fat 
diet or fat-free diet for 9 weeks is shown 
in Fig. 2. Although it ranged rather 
widely as did the capillary resistance, 
the rats with a high capillary resistance 
were always found to have a long papula 
time. 
The rate of disappearance of radio司
activity after the intradermal injection 
of radioactive phosphorus was measured 
in 6 rats fed either the fat diet or fat-
free diet for 9 weeks. The results are shown in Fig. 3. 
All the above results reveal that the capillary permeability of the abdominal 
skin of rats fed the fat-free diet began to rise between the 5th and 6th weeks of 
the experimental feeding. 
B) Water Test: 
In the following experiments use was made of rats fed each diet for 9 weeks 
30 m1nut~s 
???．?．．．?． ． ????．?． ． ?Far-Ir" d1eT 
group 
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orロ10re.
1) Single Administration of Water: Water equivalent to 5% of the weight 
of the rats was administered旬 4rats on the fat diet and 4 on the fat田freediet 
by stomach tube only on四， andthe urine volume of the ra匂 wasmeasured. As 
Table S Urine excretion following single water administration 
[ [ I volume of the admi- ［~1!！＂.~~lume (c) ？、仏 Ibody wei広ht I I 
I :t ち Inistered water （α） I in 1.5 hr. [ in 3 hrも
1 I 190 i 9.5 I 3 I 5 
2 I 205 I 10 I 2 I 4.5 
3 I 225 I 11 I 3.5 I 5.5 
4 I 190 I 9.5 I 1 I 3.5 
11~－「－… I -;-I 
2 I 230 I 11 I 1 I 
3 I 215 ! j05 I ,..3-~ i 
4 I 230 • 11.5 i 2 I 
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shown in Table 6, no di町erencewas observed in the urine volume. 
2) Repeated Administration of Water: The same amount of water was given 
repeatedly to 8 rats at hourly intervals seven times, and the hourly urine volume 
was mcasur叫. The rate of diuresis at a certain time was calculated from the 
following formula. 
Total vα'lume of urine excreted 一一一一一ー ×100 (%) Total volume of wa民ringestεd 
The results are shown in Fig. 4. The fat-fr℃e diet group showed maximum 
diuresis at the 5th hour, the fat diet Fig. 4 Urine excretion during the r官peated
group at the 6th hour. At the end of water administr.?.tion 
the experiments, however, the weight of 
the rats of both groups had decreased by 
about 5 g and no sign of water retention 
was observed. 
These results reve泡ledthat the rats 
given water equivalent句 5%of their 
weight repeatedly at hourly intervals 
could excrete an equivalent volume of 
water, and developed no signs of water 
retention. 
3) Inactivation or Excrモtion of 
Antidiuretic Substance (abbreviat吋 as
ADS) : The ADS secreted from the 
CI 2 3 4 5 6 7 
thalamohypophyseal system under stress hour 
is believed 句 beinactivated by the liver. In order旬 examinewhether the function 
of the inactivation was different between the fat diet and fat-free diet group, BIRNIE’s 
test was performed in each group.11'-14' 
i) Three rats from the fat diet and thr℃e from the fat-free diet group were selected 
for the test. The rats were injected with vasopressin (kindb・ supplied by TEIKoKu-
ZoKI Pharmaceutical Co. Japan) in a dose of 0.25 unit subcutaneously two times 
with a two hour interval, and one hour after the last injection the rats were 
anesthetized with pentobarbital sodium. Then blood was collected from the vena 
cava and the serum was separated by centrifugation. 
ii) Six intact rats maintained on rat chow were fasted for 12 hours (water was 
supplied ad libitum). Then the rats were given water equivalent旬 5%of their 
weight twice with a one hour interval, then the animals were each injected with 
1.5 cc of the serum obtained from the vasopressin-injected rats. Immediately there-
after, the rats were given the same amount of water only once. The volume of 
urine exc四tedby the animals during the experiments was measured at certain 
intervals. 




一一一－Fot dre t group 








A : The volume of water equivalent to 5"b of the weight of the rats. 
B : The volume of urine excreted before the third administrati?n of water. 
C : The volume of urine excreted duri昭 the90 minutes followi昭 theinjection of the serum. 
The lower the value is, the greater the content of the ADS in the injected 
serum, that is, the slower the inactivation or excretion of the ADS in or from the 
body. 
As seen from the results in Table 7, 
no significant di庁erencein the inactivation 
or €Xcretion of the ADS was observed 
between the fat diet and the fat-free diet 
group. Moreover, the rats injected with 
vasopressin at the above mentioned dose, 
both in the fat diet and fat-free diet 
Table 7 ADS-BmNrE value 
Group No・jA竺杢IRN!Evalue (%) 
36.4 




fat-free diet groups, showed no recognizable change in 
physical condition. 
C）羽Tatet-Vasopressin Test : 
1) Experiment I: Five rats of the fat diet group, two of the fat-free diet 
group and four of the rat chow group we陀 selectedfor the test. The rats were 
given water equivalent to 5 % of their weight b~＇ stomach tube four times at hourly 
intervals, and were simultaneously injected with 0.25 unit of vasョpressinsubcuta-
neously twice with a two hour interval. (The experiment was arranged to simulate 
the pe>stoperative state.) Although in al the rats the urinary excretion was suppress-
ed markedly, signs of water intoxication were much more serious in the fat-free 
diet and rat chow groups than in the fat diet group. The former without exception 
developed respiratory distress, nasal bleeding and general convulsions and died, while 
the latter develop巴donl~’ mild convulsions but no nasal bleeding and survived the 
experiments (Table 8). Histologically the lungs of the former group showed typical 
pulmonary edema including intraalveolar transudation (Photo. 1, 2, 3), while the 
lungs of the latter showed no sign of pulmonary edema except for slight congestion 






Table 8 Water-vasopressin test CI J 
'.¥ I urine volume in 0，，~ .. mr i lung-wt. 一《〆山、 iwater content 
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Since no significant di古erencewas observed in the urine volume of the rats in 
each group, the abe>ve difference observed between the fat diet group and the 
fat-free diet and rat chow groups in the response to the water-vasopressin test 
should be consider℃d to be caused by the difference either in the water-distribution 
in the body or in the extrarenal water excretion. As evident from the study of 
PANOS and SmcLAIR,15)16) however, the fat-deficient rat has a defective skin and an 
increased metabolic rate because of the deficiency of EF A, and has an increased 
water excretion from the skin. Therefore, the di庁erencein water distribution should 
be considered the only causative factor. In order to test this concept, the following 
experiments were performed. 
Five rats of the fat diet and five of the fat-free diet group were given water 
equivalent to 5% of the body weight three times and injected with 0.25 unit of 
vasopressin twice. Then the animals were killed by bleeding and the water content 
of their lungs, livers and gastrointestinal tracts were compared. As seen from the 
results in Table 9, although the water content of the liver and gastrointestinal tract 
Table 9 Water content of lung, liver and intestine of rats kiled by bleeding 
after administration of water 3 times and vasopressin 2 times 
Group No. b叫明 urine volume in 3 は） lung I liver I intestine hours （α） 
270 79.1 68.2 76.8. 3 
2 230 77.5 76.5 80.2 3 
fat diet 3* 270 75.5 70.7 74.5 4 
4 280 74.7 8 
5 220 79.4 2 
6 245 78.2 5 
1 245 84.0 76.0 79.3 10.5 
2 140 80.5 71.4 79.4 4 
fat-free diet 3* 185 77.6 71.3 76.1 6 
4 220 82.2 11 
5 215 82.2 11 
6 250 80.0 13 
* : The rats administered with cortisone. 
was almost the same in the two groups, that of the lung of the fat-free diet group 
was much greater than that of the fat diet group. 
Especially Nos. 1, 4 and 5 showed typical signs ol・pulmonaryedema including 
intraalveolar transudation (Photo. 4). Moreover the volume of urine excreted during 
the experimental periods was even larger in the fat-free diet group. These results 
indicate that in the fat-free diet group the perorallyア administeredwater was trans-
ported more rapidly from the intestine to the blood stream, extracellular tissue spaces 
and lastly into the tissue cels. 
2) Experiment II: It was demonstrated in ExpsrimこntI that rats on the fat 
diet were much more resistant to the water-Yasoprcssin test than the rats on the 
fat-free diet or on rat chow. In the following experiment, the e汀cctof the administ-
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ration of fat for relatively short periods of time was examined. Healthy rats were 
maintained on rat chow for about 9 weeks and then fasted for certain periods 
(water was supplied ad libitum), and 20 7; sesame oil emulsion equivalent to 5% of 
body weight of the. rats was given by stomach tube once a day during the fasting 
periods. Control rats were given the same volume of 50ん glucosesolution. The 
ra臼 thustreated were given water and vasopressin in the same way as in Experi圃
ment I. The results shown in Table 10 show that the administration of sesame oil 
emulsion for relatively short periods a百ordeda remarkable resistance against the 
water」vasopressintest (The larger amounts of water required by the fasted rats 
until their deaths may have been due to the dehydration caused by the fast.). 
3) E町ecι『ん ofCmtisone on the Water 
considered to be somewhat e百ectivein the treatment of APPE, and was found by 
ScmLLER et al.1i to have a preventive e百ecton water intoxication. The e百ecto 1f 
cortisone on the water・ asopressin test was studied in the following experiments. 
Rats fed the fat-free diet for 9 weeks were injected with cortisone (5 mg of predo-
nine), and 12 hours later were given water and vasopressine in the same manner 
as described in the previous experiments. The results, shown in Table 11, revealed 
that cortisone prevented water intoxication rather markedly. Next, the rats on 
both the fat diet and fat司freediet were treated with cortisone and their tolerance 


























A) Rats fasted for 24 hours 
i. infused with sesame oil emulsion 2 times 
i. infuesed with 50% glucose solution 2 times 
survived 
died at 5 hour 
B) Rats fasted for 3 days 
i. infused with sesame oil emulsion 3 times 




died at 8 hour 
CI Rats fasted for 7 days 
i. infused with sesame oil emulsion 7 times 






died at 8 hour 
Group 
Table 11 Effect of cortisone on water-vasopressin test 
N ur泊evolume in 3加ursl 一一一： 冒 ! water content of the 
(), 一一一旦L 一一一i－土士三二一 ｜恒三一_i盟




5.5 ， 3° 5’ 85.4 
9.0 ， 4。10’ 83.6 







事 Cortisonewas administered in a dose of 5 mg 12 hours before the water-Yasopressin test. 
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body weight (g) I water 
1 : 220 I 6 times 
I 2 * I 210 I 7料
3 * I 220 I 6 
I 1 I 185 
I 2:I 印3ホ I 230 
* : Rats administ巴redwith 5田gof cortisone. 
料・ The rat died during the 7th administration of water. 
加 water-vasopressinloading was com-
pared with that of rats not treated with 
cortisone (Table 12 and Fig. 5). 
D) ANTU-Pulmonary Edema : 
1) ANTU-Pulmonary Edema: Six 
rats were fed the fat diet and six the 
fat-free diet for a month and then in-
jected with ANTU, 40 mg per kg; four 
hours later the animals were killed by 
bleeding and their lung weight and water 
content were measured (Table 13). The 
rats of both groups showed without ex-
ception a great increase in lung weight 
and water content, and marked signs of 
pulmonary edema histologically (Photo. 
5, 6). Even when the rats were given 
only 3 mg of ANTU, which was probably 
the least dosage加 provokepulmonary edema, both groups developed 
Table 13 Pulmonary edema following ANTU administration 
1 I lung wt. I 
l¥o. I body weight匂） I両日ド10 (%) I 
140 . 0.72 
175 0.93 
165 0.78 
160 • 0.89 
140 0.74 
140 0.79 
Tolerance to water-vasopressin loading of the rats treated with cortisone 
fat 
times 
Fig-. 5 Tolerance to water-vasopressin loading 
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。。?????fat-free diet (1 month) 
ANTU 40mg/kg 
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I 1 I 305 fat diet (2 months) I I 
I 2 I 275 
ANTU 3 mg/kg [ 3 [ 305 
I 1 I 260 fat-free diet (2 months) I ' I 
I 2 I 290 














Table 14 Urine excretion following administration of ANTU and 
water equivalent to 5 % of body weight 
Group ！釧TUI円叫t urine volume (c) （田g/kg) g) 1 hr. 2 hrs. 3 hrs. 
3 235 。 3 6 
fat diet 3 290 
。 2.5 5 
5 290 。 2.5 died 
5 25 。 1.5 。
3 245 2 9 10 
fat-free diet 3 255 3.5 6 10 
5 300 。 1 16 
5 250 2 12 12 






2) Anuria Produced b~＇ ANTU18>: ANTU induces water accumulation in the 
lung and pleural cavity. Therefore, when the drug is given along with water, the 
urine excretion of the animals should be restricted in accordance with the greater 
accumulation of water in the bodv. 
Immediately after the injection of 3 or 5 mg of ANTU, the rats were given 
water equivalent to 5% of the body weight by stomach tube at hourly intervals, 
and the urine volume was measured hourly. As shown in Table 14, the rats on 
the fat diet showed even more marked anuria and pulmonary edema. 
IV. DISCUSSION 
ToMIOKA,19> in our laboratory, has demonstrated that when dogs were subjected 
to profound hypothermic anesthesia, the animals given 20 % sesame oil emulsion 
daily for about one week showed less increase in blood viscosity and hematocrit 
value than the controls (Figs. 6 and 7). l ¥s is well known, abnormally low body 
temperature induces paralytic dilatation and inc1℃asccl permeability of capillaries. 
The hemoconcentration caused b~· these mechanisms burdens the circulatory SJ叫em
and is one of the defects of profound hypothermic anesthesia. The observations of 
ToMIOK今revealedthat the administration of the fat emulsion for a relatively short 
period *evented not onl）ア thehemoconcentration but also the occurrence of ventri-
cular fiわrillation. Our colleague KoBAYAsm20> observed that the administration of the 
emulsion in dogs before and after gastrectomy maintained the blood colloidal osmotic 
pressure and the volume of the extracellular and intracellular fluid at near the 
normal level even in the postoperative state. TAMAKirn obscncd the same facts in 
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Fig. 6 Change in blood viscosity during 
profound hypothermic anesthesia 
Fig・. 7 Change in haematocrit value during 
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gastrectomy patients. These e古ectsshould be attributed not only to the protein 
sparing action of the fat emulsion demonstrated by our colleagues 0sA,22i KuYAMA23i 
and HANAFUSA,24i but also to its e古ectin preventing increased capillary permeability. 
These results and the clinical observations mentioned in the Introduction led us 
to the assumption that the incidence of APPE was influenced by the nutritional 
state especially b~＇ the EF A-status Of patients. 
BuRR and BuRR in 1929, for the first time, listed the fat-deficiency syndrome 
in rats as follows: (1) marked retardation in growth; (2) development of scaly 
skin and caudal necrosis; (3) kidney lesions with concomitant hematuria; and ( 4)
death. The specific nutritional significance of fat especially that of EF A has been 
investigated b~＇ numerous workers,25J25l27J and it has been demonstrated more clearly 
that fat has a very important significance as a constant element in the body. 
The unsaturated fatty acids which are classed with these so-called “essential 
fatty acids" are linoleic acid, linolenic acid and arachidonic acid. These three fatty 
acids al have the structure CH=CH CH" CH=CH-in common, and the fatty acids 
having th1s structure were formerly considered to have the function of EFA. 
Recently, however, MEAD et al.28J have demonstrated that the trienoic acid found in 
large amounts in the organs of fat deficient rats is not linolenic acid but 5, 8, 11・
eicosatrienoic acid. This acid, though having the structure -CH=CH-CH2-CH=CH , 
has no function as EFA. MoNTAG et al.29) have postulated that this acid comes from 
the oleic acid family rather than from the linoleic and linolenic acid families. 
There is no general agreement as to the optimum dosage of EF A required by 
rats. BuRR and collaborators261 cited the白gureof 40 mg of linoleic acid as the opti-
mum dosage per day. More rc::ently the DEUEL group25i has placed the figure for 
linoleate requirement even higher than 100 mg for male rats. 
Although the three fatty acids a1℃ classed as EFA., according to TuRPEINEN°川口
et al. the principal unsaturated fatty acids required H’ the animal organism is 
arachidonic acid, and it has been demonstrated b）ァ numerousworkers that arachidonic 
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acid can come from linoleic acid in the animal organism in the pre配neeof vitamin 
BJ.32> 
Since, in the present study, the rats fed the fat-free diet received EF A at 1i. 
level les than 0.4 mg per d句ア aspreviously mentioned, they naturally developed 
EF A-deficiency in the course of the feeding: The fatty acid composition of the liver 
fat of the rats fed the fat-free diet for 6 weeks was studied chromatographically 
by ToBE in our laboratory, and was compared with those of the rats fed the fat diet 
or rat chow. As seen in Photograph 7 the rats fed the fat-free diet showed the 
lightest spot of linoleic acid of the three groups. Moreover the unsaturated fatty 
acid content in the adrenals, liver and heart muscles of the rats fed the fat-free 
diet for 9 weeks was studied by Jrnno. As seen from the results shown in Fig. 8, 
the rats fed the fat-free diet showed a marked decrease of dienoic acid and an 
increase of trienoic acid. These results agree completely with those obtained by 
AAEs-J ORGENSEN13>34> et al. 
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The capillary p2rmeability of these fat-deficient rats was tested by measuring 
the capillary resistance and the time of disappearance of intradermally injected 
physiological saline, and was found to be abnormally increased. 
KRAMAR,35> performing the same experiment as that of the author, observed 
that increased capillary permeability of the fat-deficient rats was restored句 normal
within two weeks b~＇ administration of linoleic acid. 
Increased capillary permeal】ilit）ア ofthe abdominal skin docs not necessarily indi-
cate increased permeability of the capillaries of the whole body, especially of the 
lungs. However, the change caused by a deficie叫ア ofdiet is naturally con~idered to 
be prevalent in the whole body. The observations that the fat-deficient rats deve-
loped much more serious water intoxication and pulmonary edema indicate that the 
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capillary permeabilityア ofthe lung of the fat-deficient rats increased abnormally in 
parallel with the increase in that of the abdominal skin. 
As is well known, EF A take part in the formation of phospholipids ; cel 
membranes are rich in phospholipids which are considered to be part of the lipopro-
tein complex.36i Therefore, it is rational to believe that EF A play an important role 
in maintaining the normal permeability of cel membranes and capillaries as one of 
their structural components. SINcLAIR,m pointing out the structural function of EF A, 
ascribed to the deficiency of EF A man~· of the fat-deficiency syndromes such as 
increased fragility of the cr~·th1℃cytes, incrcm:cc1 skin permeabilitJ守 andevaporation, 
mitochondrial changcs,37i dissociation of c弐idativcphosphorylation, and elevated ox~・gen
consumption and basal metabolic rate戸
The author has demonstrated in the present study that EFA-deficiency induces 
structural changes and increased capillary permeabilit~· ， and produces a background 
for the development of人I’PK
The observations that fat-fed rats developed rather serious pulmonary edema 
following ANTU administration would also indicate that fat is a constituent of cel 
membranes and capillary walls. The fact that the drug is practically insoluble in 
water and has to be administered as a suspension in olive oil suggests that, it may 
have an atfinitγfor lipid人 andeasily invade the lipoprotcin contained in the capillary 
walls and thus increase their permeability. Therefore it is rational to believe that 
the fat-fed rats develop more serious pulmonary edema because of the high content 
of lipoprotein in their capillary walls. Moreover, these observations sugg四tthat 
ANTU-pulmonary edema can hardly simulate the clinical acute postoperative 
pulmonary edema, since the mechanism of ANTU-edema di百ersgreatly from that 
of the clinical one. 
Next, cortisone was demonstrated句 havea preventive action against water 
intoxication, affirming the observations of ScmLLER et al. In the “Textbook of 
Endocrinology" THORN et al.39) stat，εcl: 
hydrocortisone and cortisone, maintain cellular hydration at the optimum, preventing 
both excessive dehydration and water intoxication.” KRAMλR et al.40i4n42i demonst-
rated that the glucocorticoids played an impo!・tant role in maintenance of the 
normal capillary permeability. Therefore, cortisone is believed to ameliorate the 
increased capillary permeability due to EF A・deficiencyand to prevent water intoxi-
cation. 
As is well known, the adrenal cortex contains a large amount of lipids, which 
are mainly composed of cholesterol (especially esterified cholesterol) which is con-
sidered to be a precursor of adrenal hormones. And, in general, cholesterol must be 
esterified with EF A for normal metobolism. 
Moreover, our colleagues, MAKI and JINDO, with paper chromatography and 
isomerizing methods respectively, have demonstrated that the adrenals of rats, dogs 
and rabbits contain a large amount of EF A (Photo. 8). HoLMAN and GREENBERG43> 
previously demonstrated that the testes and ovaries contained a relatively large 
amount of EF A. From these observations it has been postulated that EF A have a 
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very important role in the synthesis and metabolism of steroid hormones.叫紛 Our
colleague MATSUDA46) studied the changes in the liver glycogen content and histological 
changes in the adrenals when rats were fasted for a period. According to his study, 
rats fed a low fat diet, though showing an earlier onset of the neogenesis of liver 
glycogen, developed an earlier decrease and finally exhaustion of liver glycogen and 
succumbed to starvation much earlier than rats fed a high fat diet. Moreover, the 
adrenal cortices of the rats fed low fat diets showed loss of lipid granules (sometimes 
accompanied b：－’ the appearance of gross lipid granules), hyperemia or bleding, 
cytolysis etc., while the organs of the high fat diet rats preserved the lipid granules 
fairly wel and failed to show the so-called “exhaustive changes" (These changes 
were observed mainly in the zona fasciculata, and were few in the zona glomerulosa.). 
These findings also suggested that EF A play an important role in the synthesis or 
metabolism of adrenal hormones. Recently SrNcLAIR45) declared ：“If cholesterol must 
be esterifed with EF A the same might be true of closely related sterols. In def\~ 
ciency of EF A in the rat there is greatly increased sensitivity to vitamin D, perhaps 
because it is normally esterificd with EF A and accumulates if esterified with more 
saturated fattγacids or transisomers. 
Table 15 EFA content in the adrenals, liver and heart muscles 
of normal rabbits (percentage in organ weight) 
Adrenals Liver 
Total lipids 15.09 5.25 
Dienoic acids 1.3 0.91 
Trienoic acids 0.84 0.19 






The relationship of EF A to steroid hormones has hardly been investigated. 
EF A occur abundantly in adrenal cortices, testes and ovaries, and they may be 
concerned with the synthesis of steroid hormones from cholesterol, or with the 
metabolism of steroid hormones (such as the esteri白cationof the hydroxyl on Cι 
in cortisone or hydrocortisone), or both. This field we started to explore, and it 
may well be fruitful”. We are also now investigating the changes in the 17-hydroxy・ 
corticosteroid content of the urine and blood of EF A-deficient animals, the changes 
in EF A content of the adrenals in response to stress etc. Even the results obtained 
in our laboratory up to this time, however, are sufficient to indicate the intimate 
relationship between EF A and the adrenals. 
Our impression is that the abilit;vァofthe adrenal cortex to synthesize hormone 
is impaired bJ・EFA-deficiency. Therefore, the adrenals of the EF A-deficient animals 
cannot respond sufficiently to the increased hormonal demand of the organism sub・ 
jected to such stresses as infection, operative insult and trauma. This phenomenon 
we speak of as“decrease of adrenocortical capacity.” 
SAYERsm has criticized SELYE’s idea of “Exhaustion”declaring that the adrenal 
cortex of healthy animals cannot be exhausted as a result of i臼 hyperfunction.
However, if the gland wc1℃ dcpri vcd of a part of the enz）’matic complement or 
material necessary for synthesis of its hormones, it would s田m reasonable to supp側
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that exhaustion could occur in meeting a normal or an increased demand for 
hormones. The reasonableness of the concept was proved, for example, by the studies 
of羽TrnTERs,481HuRLEY491 and DuMM50J on the adrenal coritical function of pantothenic 
acid-deficient rats. 
Increased capillary p2rrneal】ilit~’ has long been considered a typical change after 
bilateral adrenalectorny. The findings of hernoconccntration (ATHANASIN and GRADI-
NEsco, 1909), increased protein in the ！~官iph (CoPE, BRENIZER and PoLDERMAN, 1942), 
augumented spreading of intraderrnally injected pigment (OPSAHL, 1949) and increas~ 
ed capillary fragilityア（KRAMAR,1953) after bilateral adrenalectomy have been 
regarded as evidence of increased capillary permeability. Moreover, it was reported 
by KRAMλR4o】thatthe increased capillary permeability due to ether anesthesia, opera-
tive insult (sham adrenale-ctomy) and adrenalectomy could be restored by cortisone, 
but not by ACTH or DOCA. 
It is evident from these observations that adrenal hormones, especially glucocorti-
coids, maintain normal capillary permeability and suppress its abnormal increase due 
to stress. Moreover, KRAMAR observed that after ether anesthesia and sham adrena-
lec白rn~· capillar~· perrneabilit~’ began to increase after the fourth daγand returned 
to its original level after two or three weeks, but after adrenalectomy it began to 
increase as early the second d町’ andremained perrnanentl~’ low. These results 
indicate that the organism began初 sufferfrom deficiency of adrenal hormones about 
four days after ether anesthesia and sham adrenalectomy, and more rapicllyγafter 
adrenalectorny. The fact that capillary permeability due to a stress increases not 
imrnediatdv but a few davs after the stress suggests that ad1℃nal hormones are 
consumed during this period, and the hormone producing or secreting capacity of the 
adrenal cortex is finally exceeded by the demands of the body. These results are 
the more interesting in view of the clinical fact that APPE frequentl~· occurs a few 
days after operation. 
On the whole, the causes of the high 
deficient (EF A-deficient) rats could be 
summarized as follows. EF A-deficiency, 
on the one hand, induces deficiency of 
the lipoprotein constituent of tissue cells 
and provokes structural changes and 
therefore increased capillary permeability, 
and on the other hand decreases the 
adrenocortical capacity to render it im-
possible to suppress the increased capi-
llary permeability. These changes al 
together form a background for the 
development of APPE. If a promoting 
factor such as overhydration be added, 
then APPE develops. The above cmト
cept is summarized in Fig. 9. 
incidence of pulmonary edema in fat-
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EF A are contained in al the tissues of the animal body in a constant amount 
and play an important role in the growth and reproduction of tissues. Malignant 
neoplasms, of course, consume EF A largely because of their elevated metabolism and 
rapid growth.snszi Therefore patients with esophage乱lcancer would frequent！γ SU首位
from EF A-deficiency due not only to decreased intake but also 句 increasedconsump-
tion of EFA. 
The incidence of APPE following radical operation for upper and middle eso・
phageal cancer is higher than that following operation for lower. Some authorも
ascribe this 加 vagotomyat a high level. However, it can also be attributed to a 
larger operative insult and higher frequency of overhydration. More-over, the ope-
ration for lower esophageal cancer, in which the interference of vagotomy is probably 
neglected, can also provoke APPE, if the preoperative nutritional state is poor and 
the postoperative treatment inadequate. We have, in fact, had a patient with cardiac 
cancer, who died of APPE two days after total gastrectomy by laparotomy only. 
Moreover, the higher incidence of APPE following operation for pulmonary cancer 
than for pulmonary tuberculosis can be accounted for not only by the larger opera-
tive insult but also by the uncternutrition and EF A-deficiency due to the cancer. 
The author, of course, does not intend to exclude miscellaneous factors such as 
anoxia, nervous factors etc. in the development of APPE but considers them as 
supplementary and promoting factors. 
In the meantime, a simple expansion of extracellular fluid cannot account for 
the very serious and rapidly developing sym加msof APPE, and a rapid expansion 
of intracellular fluid should also be given consideration. As previously mentioned, 
the permeability of the cel membranes.of EFA-deficient animals increases abnormally 
as a result of the structural defects and lowere<l adrenocortical capacity. Therefore 
it was postulated by the author that the rapid expansion of intracellular fluid due 
旬 boththe increased permeability of cel membranes and overhydration was the 
most important factor in APPE. Further studies on this point, for example electron-
microscopy, are awaited. 
V. SUMMARY 
A 20% sesame oil emulsion prepared in our laboratory has been given to surgi-
cal patients and has proved to be effective in improving nutrition. It was also 
noted that administration of the emulsion prevented APPE. The mechanism of 
this e百ectwas studied in these experiments. 
Recently the nutritional significance of fat not only as a caloric source but also 
as a source of EF A has been more clearly recognized. EF A are constituents of 
lipoprotein which is a structural component of tissue cels, and EF A-deficiency induces 
increased permeability of cel membranes and of capillaries. 
It was confirmed by the present study that in EF A-deficient animals permeability 
of capillaries and cel membranes was increased. 
EF A were found in large amounts in the adrenal glands of rats, dogs and 
rabbits and were postulated to have an intimate I℃lationship with可nthe日isor meta-
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bolism of adrenal hormones. Therefore, the EF A-deficient animals probably have a 
lowered adrenocortical capacity and cannot respond to the increase<l demand of 
adrenal hormones due to stress. 
The stress usually induces an abnormal rise of capillary permeability, which is 
suppressed by the adrenal hormones secreted in large amounts following the stress. 
However, if the adrenocortical rapadty is decreased, the amount of cortical hormones 
secreted is insufficient句 suppressthe increased capillar~・ permeability.
Therefore EF A-deficiency induces : 1) structural changes in cdl membranes 
and increased capillary permeal】ilit~・； 2) decrease of adrenocortical capacity; and 
3) forms the basis for the development of i¥PPE. Patients with esophageal cancer 
tend句 bedeficient in EF A because of both the prolonged restriction of food intake 
and the increased consumption of EF A, and therefore are prone to APPE. From 
these points of view, it is easy加 understandwhy APPE occurs frequent！~＇ follow-
ing operation for esophageal and pul1nonar~＇ cancer, 1vh~· cortisone is more or less 
effective in the treatment of APPE, and wh~· anoxia, ovcrhγdration, vagotomy etc. 
cannot b~· themselves provoke a definite pulmonary edema. 
As is well known, APPE usually develops very sudden!:-: and rapid ！~· . and the 
recognition of its onset or earl.¥・ diagnosis is quite dificult. Moreover, no available 
treatment of decisive superiority for the disease is at hand. Therefm℃ it is most 
important to prevent the disease IJ>・ every available means. The preoperative im-
provement of the nutritional sta民， ofwater aml electrol~te balance, of the function 
of the circulatory and respiratory 旬、；ternsetc. have, in fact, resulted in a decreased 
incidence of APPE. However, since EF A-deficiency, as revealed b）・ thepresent studγ， 
forms a background for the development of .APPE, the preoperati＼℃ administration 
of fats rich in EF A in patients undergoing surgery should be considered as one of 
the most effective wa~＇S of preventing APPE. 
YI. CONCLUSION 
The machanism of APPE was studied and the following conclusions were reached. 
i ) The EF A-deficient animal has an increased capillary permeability. 
i) The EFA司deficientanimal easily develops 1rntcr intoxi<'ation and pulmonary 
edema following overhydration. 
ii) C.Ortisone suppresses the increased capillary permeabilit~ァ and therefore more 
or less prevents APPE. 
iv) Patients with esophageal or pulmonary cancer tend to be deficient in EF A 
both because of their decreased intake and of their increased consumption, 
and therefore are prone to ,¥PPE. 
v) The mechanism of APPE is conside1℃d to be as follows. When patients 
who have abnormally constructed capillaries and decreased reserve of adrenal 
cortical function due to EF A-deficiency are subjected to an operation, the 
capillary permeability increases markedly. If these patients are given 
excessive water, the~· dC¥℃lop APPE. 
vi) The prevention of λPPE is most important at present, and it can be 
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satisfactorily accomplished by the amelioration of EF A-deficiency. 
vii) EF A probably play an important role in the synthesis or metabolism of 
adrenocortical hormones, especially of glucocorticoids. In regard to this 
problem further studies are awaited. 
The author wishes to express his sincere gratitude to Dr. Y. H【KASA,the lecturer of our clinic, 
for his helpful suggestion and kind guidance in the course of the work. 
The gist of the present study was reported at the 84th meeting of the Kinki Association for 
Surgery (October, 1958) and at the 59th meeting of the Japanese Association for Surgery (April, 
1959). 
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Photo. I Fat-free diet rat: Water 4. Vasopressin 
2 times ; Water content 85.4 % 
., 
Photo. 3 Fat diet rat: Water 4, Vasopressin 2 
times; Water content 78.7% 
Photo. 5 Fat diet rat : ANTU 40皿g/kg,
Water content 83.5°;? 
Photo. 2 Rat chow rat: Water 4, Vasopressin 2 
times; Water content 89.4% 
二 ＜i-，ーー~帽.，，. 圃圃E円圃ーー
Photo. 4 Fat-free diet rat: Water 3, Vasopressin 
2 times; Water content 84.0% 
Photo. 6 Fat-free diet rat : ANTU 40mg／同
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Photo. 7 Paper chromatogram of liver fatty acids ADi電NAι ・LA”。
A : Rat chow rat ． B : Fat diet rat 
C : Fat-free diet rat Photo. 8 Paper chromatogram of fatty 
acids of the dog adrenal 
Electron Microphotographs of Pulmonary Edema 
(photo邑：Taphedby our colleague M. Y A'1A<'UCH1) 
AE : Alveolar Epithelium 
AL : Alveolar Lumen 
BM: Basement Membrane 
CE : Capillary Endothelium 
CL : Capillary Lumen 
R : Red Blood Cel 
V . Vacuoles 
W : White Blood Cel 
Note that the capillary damage is more marked in ANTU・edemathan in 
vasopressin-edema. 






Photo. 9 Per oral water loading and subcutaneous administration of vasopressin. Both the 
alveolar epithelial cells and the capillary endothelial cells swell up, the latter 










Photo. IO Per oral water loading and subcutaneous administration of vasopressin. The arrow 
shows so-called“Schleusenartige Offnun色、ender basale Membran des Ah・eolar-
epithels”by SoHULZ, which is the condition of extreme elevation of pinocytic 






Photo. 11 Pulmonary edema induced by ANTU. Both the alveolar epithelial cells and the 
basement membrane shows wavy extension. Exuded materials in the alveolar cavity 
is homogenous and is higher in electron density than the capillary lumen. （×20,800) 
Photo. 12 Pulmonary edema induced by ANTU. In addition to the changes as described in 
Fig. 31, there is destruction of the capillary endothelial cells. ( x 20,800) 
